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1 
This invention relates to transmitters, and 
more particularly to requency shift keyers îor 
use in ïrequency shiït telegraphy transmitters. 
An object oï this invention is to devise a fre- 
quency shiït keying unit which ii relatively 
expensive. 
Another object is to devise a ïrequency shiït 
keying system in which all-of the elements .deter« 
mining the amount of ïrequency shiït and the 
frequency values themselves are-either crystal 
controlled or are oï inherent.ly high stability, 
whereby a very high degree oï ïrequency stability 
iæ obtained in the system. 
'Still another object is to .provide a ïrequency 
Shiït exciter unit in which small amplitude modu« 
lations superimposed on the line, such as line 
noise, will not cause ïrequency shiïts or signa] 
modulation in the transmitter. 
2m additional object is fo -provide a frequency 
shiït keying iyitem in which ïrequency transients 
or key clicks .are griatly reduced. 
A îurther object is to devise 'a ïrequency shiït 
keying system the cost oï which iæ reduced in 
that a common ïrequency shift oscillator can be 
used to control several transmitters af a trans- 
mitting station. 
A still ïurther-object is io provide a .circuit 
which can be used îor radiophoto or facsimile 
transmission without the .use oî a special tone 
signal converter, the normal ïrequency-varying 
signals oï radiophoto service being uæed fo 
rectly frequency-shiît the carrier. 
The îoregoing and other objects oï the inven- 
tion will be best understoo-d ïrom the follov¢ing 
description oï an exemplification thereof, refer- 
ence being had to the accompanying .drawing, 
Wherein: 
Fig. 1 ii a block diagram oï a system accord- 
ing fo this invention; and 
Fig. 2 is a somewhat detailed circuit diag.ram 
of oneof the elements of Fig. 1. 
The objects oï this invention are accomplished, 
briefiy, in the following manner: 
A crystal oscillator supplies carrier energy to 
a normally balanced modulator, while an audio 
frequency shiït oscillator supplies a modulating 
voltage thereto. A keyed voltage from a tone 
signal converter, representing mark and space 
signals, is applied to the modulator in such a 
manner as to permit it to remain balanced dur- 
ing one signaling condition, say space, and fo 
unbalance the modulator during the other sig- 
naling condition, say mark. The output of the 
modulator is coupled to a filter whiCh removes 
one sideband therefrom, and the output of .the 
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2 
filter is coupled to a locked-in oscil.lator to en- 
train or control the frequency of the same. Dur- 
ing space, the modulator is balanced so that 
the carrier is suppressed in the output thereof; 
. the locked-in oscillator therefore oscillates af 
the sure of the carrier and modulating fre- 
quencies. During mark, the modulator is un- 
balanced so that the carrier frequency predomi- 
nates in the output thereof; .the locked-in oscilla- 
.10 tor now-shifts to and oscillates at the carrier fre- 
quency. Thus, a ffequency shiïted keyed volt- 
age is .obtained at the output of the locked-in 
oscillator, and this oscillator output is fed to a 
mixer or modulator which .mixes it with the Out- 
15 put of a high frequency crystal oscillator for 
transmission. Thus, the ïrequency oï the audio 
frequency shift oscillator determines the amount 
of frequency shift which is produced in the out- 
put of the locked-in or entrained oscillator. 
20 Now referring fo the drawing, and particularly 
to Fig. 1 thereof, the output of a 200-kilocycle 
crystal-centrolled oscillator ! is fed to a moduia- 
for 2, more particuiarly shown in Fig. 2, which 
may be balanced or unbalanced, depending upon 
25 keying, and which is therefore termed a "bal- 
anced-unbalanced" modulator. The-output of 
an audio ïrequency shift oscfllator 3, which may 
have a frequency of any predetermined value 
within the audio range, such as 850 cycles for 
example, is also ïed fo moduiator 2. The out- 
30 put of oscillator ! supplies carrier energy to 
moduiator 2, while the output of oscillato 3 sup- 
plies modulating voltage to moduiator 2. 
A tone signal converter 4 is connected to modu- 
35 lator 2 in such a way that the output thereoï 
may be utilized to control such modulator. Con- 
verter 4 is supplied with keyed signal input from 
a tone line, and producei at its output a keyed 
direct voltage which varieæ from zero volts for 
40 one signaling condition, say space, fo --180 volts 
for the other signaling condition, say mark. 
Now referring fo Fig. 2, which illustrates the 
moduiator 2, the audio frequency or 850-cycle 
modulating input from oscillator 3 is supplied 
45 antiphasally to the control grids 5 and 5 of two 
triodes 7 and $, by means of a transformer 9 
having a primary ! 0 and two secondaries ! ! and 
I; the oscillator 3 output is connected fo op- 
posite ends of winding 10 while adjacent ends 
50 of the two primary windings are connected fo- 
gerber through a resistor 3 and capacitor.  
in parallel, the fl, ee ends of the two windings ! ! 
and  being connected fo respective control 
:grids  and 5. A suitable capacitor I ï is con- 
55 nected between grids  and . 
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3 
The P.00 kilocycle arrier input from oscillator 
I is supplied cophasally fo control grids 5 and 6 
by means of a transformer 16 the primary wind- 
ing of which is connected across the output o 
oscillator I and the secondary winding of which 
is connected between ground and the adjacent 
ends of the two windings I I and 12, the connec- 
tion to winding 12 being made through resistor 
13, shunted by condenser |4. The cathodes of 
the tubes 7 and 8 are each connected to ground 
through a conventional parallelly-connected re- 
sistance-capacitance biasing network. The an- 
odes of tubes 7 and 8 are connected to. opposite 
ends of a tuned output primary winding I in 
the usual manner, direct plate potential being 
supplied to the midpoint of this winding from a 
suitable source. Secondary winding 18 is cou- 
pled to winding I to couple the output of modu- 
lator 2 to a filter 19 to be Iater described. 
In order to key the modulator 2 from the bal- 
anced to the unbalanced condition and vice 
versa, the input from tone signal converser 4 
is applied through a potentiometer 20 having a 
movable tap 21 thereon, fo that end of wind- 
ing 12 which is remote from grid 6. A suitable 
portion of the output voltage from converser 
4, which as previously stated varies from zero 
volts-fo --180 volts for the two signaling condi- 
tions, is applied between tap 21 and ground. 
Tap 21 is connected substantially directly to grid 
6, while the cathode o.f tube 8 is grounded, so 
that the keying voltage from converser 4 is con- 
nected between the control grid and cathode of 
tube 8. Resistor 13 bas a high enough value of 
resistance to prevent the keying voltage of unit 
4 from affecting tube 1 to any appreciable extent. 
In the spacing condition, converser 4 provides 
an effective potential of zero volts on modulator 2. 
Under these conditions, there is normal bias on 
tubes  and 8 of the modulator. Modulator 2 40 
therefore acts as a conventional balanced modu- 
lator, substantially suppressing the 200-kilocycle 
carrier and delivering in winding 18 output fre- 
quencies of 200 kilocycles plus the shift fre- 
quency determined by the modulating signal 4 
from audio ïrequency shiït oscfllator 3 and 200 
kilocycles minus this same shift frequency, or 
in other words the upper and lower sidebands 
of 200.85 kilocycles and 199.15 kilocycles respec- 
tively (when oscillator 3 bas a frequency of 85û 50 
cycles). 
The band rejection filter 19, fo which the out- 
put of modulator '2 is coupled, is designed ço 
pass the carrier frequency of 200 kilocycles and 
one sideband frequency, for example the upper 55 
sideband frequency of S00.85 kilocycles, and to 
remove or filter out the lower sideband frequency 
of 199.15. kilocycles. 
The output of filter  9 is coupled to a driven or 
locked-in oscillator -2 which is preferably of the 60 
tyPe described in Beers Patent S,356,S01, dated 
August 2S, 1944. Such a slave oscillator, as is 
known to those skilled in the art, -will be en- 
trained to oscfllate aS the ïrequency of that one 
of the controlling-voltages fed thereto which bas 65 
the greatest amplitude, provided that such ïre- 
quency is within the lock-in range of the oscilla- 
 tor. The oscillator 22, in the specific example 
given, bas a center or test ïrequency of .00.425 
kflocycles, and the output voltage of filter 19 is ïo 
fed as a controlling voltage to such oscillator. 
In the spacing signaling condition, then, dur- 
ing which modulator 2 is operating as a balanced 

4 
quency (the carrier frequency of 200 kilocycles 
being substantially balanced out in the modu- 
lator 2), oscillator 22 operates or oscillates aS 
the upper sideband frequency, which is 200.85 
5 kilocycles in the example given. Oscillater 22 
functions as an additional filter, since it can 
oscillate aS but one discrete ïrequency aS a rime. 
The output of oscillator 22 is fed in a conven- 
tional manner to a mi.xer 23 which serres to mix 
10 such oscillator output .with that of a high ire- 
quency or signal determining crystal oscillator 
24. The output of mixer 23 is fed to an 'ampli- 
fier and/or doubler 25, from whence the signal is 
fed to an appropriate transmitter, nos shown. 
15 The tone signal converser ,4 is utilized to key 
the balanced modulator 2 into an unbalanced 
state for marking. When marking, a negative 
potential of approximately 180 -volts appears at 
the output of unit 4, and a portion of this po- 
20 tential is applied by tap 21 between the con- 
trol grid 6 and the cathode of modulator tube 
8 to effectively cut off conduction in said tube, 
thus rendering this otherwise balanced modula- 
tor unbalanced. If desired, the negative poten- 
25 tial for this purpose maF be obtained from a 
suitable D. C. keying source other than the tone 
signal converer shown. 
When unbalanced, the modulator 2 bas an out- 
put comprising the200-kilocFcle carrier and the 
30 sidebands, since in this case the carrier frequencY 
is no longer balanced out in winding 18; more- 
over, the unbalance maF be and is readiIF carried 
, to such a degree that the carrier substantialIF ex- 
ceeds in amplitude the sidebands. Therefore, 
35 under these circumstances the output from the 
modulator will consist of a strong 200-kilocycle 
signal plus two primarF sideband frequencies at- 
tenuated somewhat if the percentage modulation 
is kept low. As belote, tirer 19 removes the lower 
sideband, passing onlF the 200 kilocycle carrier 
and the upper sideband frequencF of 200.85 kilo- 
cycles. The controlling voltage fed to the driven 
or locked-in oscillator 22 now comprises the car- 
rier frequencF and the upper sideband frequency, 
with the carrier frequencF having the greater 
amplitude. Therefore, the oscillator 22 now oscil- 
lates af the carrier frequency of 200 kflocycles. 
In the marking signaling condition, then, dur- 
ing which modulator 22 is operating in the un- 
balanced state, oscillator 22 operates or oscillates 
ai the carrier frequencF, which is 200 kilocycles 
in the example given, whfle in the spacing con- 
dition oscillator 22 operates at the upper sideband 
frequencF of 200.85 kilocycles. 
In addition to ifs function as an additional 
filter, oscillator 22 bas another important func- 
tion. Since the change in frequencF of oscillator 
2 in response to the keying is a smooth transi- 
tion which passes through the frequencies be- 
tween those determining the mark and space 
conditions, anF tendencF toward the production 
of frequency transients or keF clicks is markedlF 
reduced. 
An advantage of the present sFstem as com- 
pared to the reactance tube type of frequency 
shift keying unit is that a much more economical 
design is obtained for the same degree of fre- 
quencF stability. In this connection, in regard 
to frequencF stabilitF, it should be noted that the 
oscillators I and 24 are both crFstal-controlled, 
while oscillator $is an audio frequencF oscillator 
which canbe easilF designed tobe quite stable in 
frequency. Therefore, the system as a whole bas 

modulator and the output of filter 19 consist a very high degree of frequency stability. The 
substantially entirely of the upper sideband fre- 75 frequency of the output of slave oscfllator 22 is 
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controlled by the frequency of the controlling 
voltage fed thereto, which controlling voltage 
bas very stable values of ïrequency. 
In the system of this invention, very little pos- 
sibility exists for line noise fo cause signal modu- 
lation, since in the present arrangement no other 
frequencies are utilized except those determined 
by the two crystal oscillators ! and 24 and the 
audio frequency shift oscillator 3. Also, small 
amplitude modulations superimposed on the tone 
signal converter will not affect the ïrequency of 
the output from oscillator 22, because of their 
small amplitudes as compared.to the amplitudes 
of the oscillaor controlling voltages derived from 
oscillators ! and 3; it will be recalled that said 
oscillator 22 oscillates or operates af the fre- 
quency of that one of the controlling voltages fed 
thereto which bas the greatest amplitude. 
Since oscillator 22 operates af 200 kilocycles 
or carrier frequency during mark and ai 200.85 
kilocycles, or the sure of carrier and audio fre- 
quency shift oscfllator frequencies, durlng Slace, 
the frequency of the shift oscillator 3 determines 
the amount of frequency shift which is produced 
in the output of oscillator 22. Therefore, a coin- 
mon frequency shift oscillator 3 can be connected 
to feed a plurality of modulators such as modula- 
tor 2, to control the amount of frequency shift 
of a corresponding plurality of transmitters ata 
transmitting station. 
This invention may be used îor radiophoto 
transmitter service or for facsimile, without the 
use of a special tone signal converter which con- 
verts the frequency-varying signais to amplitude- 
varying signals, by the simple expedient 0f re- 
placing the audio frequency shift oscfllator 3 by 
the input line which carries the frequency-vary- 
ing radiophoto or facslmile signals, using the nor- 
mal frequency variations of such signals to di- 
rectly frequency-shift the carrier through the 
medium of oscillator 22. In this modification, 
the tone signal converter 4 would be omitted, so 
that all D. C. potential is removed from the nor- 
mal keying circuit of the balanced-unbalanced 
modulator 2; the modulator is now used in 
balanced condition only. According fo this in- 
vention, therefore, the frequency-varying radioi 
photo or facsimile signals do hot need to be con- 
verted into amplitude-varying slgnals and then 
back into frequency-varying signals for trans- 
mission; the frequency-varying input signals may 
be used fo directly frequency-shift the carrier 
according to this invention, without the neces- 
sity of any such conversion. 
Although the figure of 850 cycles was mentioned 
above as the amount of frequency shift of oscil- 
lator 22, if is to be understood that this was done 
only by way of example; the frequency of oscil- 
lator 3 determlnes the amount of such frequency 
shift and such frequency may bave any desired 
audio value, such .as anywhere within the range 
of 170-850 cycles, for example. Osclllator 3 may 
bave an adjustable frequency, if desired. 
What we claire to be our invention is as follows: 
1. A frequency shift keyer, comprising a source 
of carrier energy, a fixed-frequency source of 
moduluting energy, means for mixing energy from 
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6 
said two sources, said means being responsive fo 
the application of a two-valued keying potential 
thereto to supply in the output thereof an oscil- 
latory voltage which is predominantly of either 
5 carrier frequency or of sideband frequency, de- 
lending Ulon the value o the keying potentiaI, 
a slave oscillator coupled to the output .of said 
means fo be entrained by said oscillatory voltage, 
and means for applying a two-valued keying po- 
  tential to said means fo control the same. 
2. A frequency shift keyer, comprising a car- 
rier-sulpression type balanced modulator adapt- 
ed to be unbalanced by the application of a key 
ing voltage thereto, means for supplying carrier 
15 energy fo said modulator, means for supplying 
a modulatlng voltage of fixed frequency to said 
modulator, said modulator when balanced pro- 
ducing in the output thereof an oscillatory volt- 
age which is predominantly of sideband frequency 
20 and when unbalanced producing in the output 
thereo an oscillatory voltage which is predomi- 
nantly of carrier frequency, a slave oscillator cou- 
pied to the output of said modulator, and signal- 
controlled means for supplying a keying voltage 
25 fo said modulator to unbalance the same for one 
signaling condition. 
3. A frequency shift keyer, comprising a nor- 
mally balanced carrier-suPlression type modula- 
for including a pair of electron control devices 
9 each having a control electrode, means for sup- 
plying carrier energy fo said modulator, means 
for SUPllying a modulating voltage of fixed fie- 
quency to said modulator, means for applying a 
negative potential to the control electrode of only 
35 one of said devices to substantially cut off cuitent 
flow therein, thereby to unbalancesaid modulator, 
in response to signaling impulses of a predeter- 
mined character, said modulator when balanced 
producing in the output thereof an oscillatory 
0 voltage which is predominantly of sideband fre- 
quency and when unbalanced producing in the 
output thereof an oscillatory voltage which is 
predominantly of carrier frequency, a filter for 
removing one of the sidebands coupled to the out- 
4 put of said modulator, and a slave oscillator cou- 
pled to the output of said filter fo be entrained 
by the oscillatory voltage passed thereby. 
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